INTRODUCTION {#sec1-1}
============

Nonalcoholic fatty liver disease (NAFLD) is the most common of liver disorder with multifactorial etiology, which is closely associated with obesity, insulin resistance, and dyslipidemia.\[[@ref1][@ref2][@ref3]\] It is expected that the prevalence of NAFLD increases with the global epidemic of obesity.\[[@ref1][@ref3][@ref4][@ref5]\] The mechanisms which develop NAFLD in obese persons and the effects on liver function are not fully known.\[[@ref3][@ref6]\] The regional distribution of fat tissue is an important factor for the development of the metabolic complications of obesity.\[[@ref7][@ref8]\] Nonfatty liver disease expresses hepatic component of the metabolic syndrome, especially when it is associated with increased intra-abdominal fat,\[[@ref9]\] visceral adipose tissue "as an endocrine organ" contributes to the pathogenicity of obesity and secretes large amounts cytokines\[[@ref10]\] and adipokines.\[[@ref7]\] There is evidence that the increased the production of adipokines "adipose tissue-derived hormones" might have a strong link to insulin resistance, metabolic syndrome, fatty liver and contribute to the acceleration of atherosclerosis.\[[@ref1][@ref5][@ref7][@ref11][@ref12][@ref13]\]

Vaspin,\[[@ref2][@ref14][@ref15]\] apelin,\[[@ref1][@ref16]\] and omentin-1\[[@ref17]\] (secreted from visceral adipose tissue) are newly adipokines that are probably associated with hyperinsulinemia, inflammation, and the components of metabolic syndrome.\[[@ref1][@ref5][@ref15][@ref17][@ref18][@ref19]\] Vaspin is first detected in obese type 2 diabetic animal models,\[[@ref15][@ref18]\] which is highly correlated to the presence of coronary artery plaque and severity of coronary atherosclerosis.\[[@ref15]\] Apelin is produced and secreted by the brain, hypothalamus, stomach and fat tissue in both human and mouse.\[[@ref16][@ref20]\] Apelin is involved in the mechanisms underlying the neuroendocrine function, energy homeostasis, and food intake regulation.\[[@ref20]\] Omentin-1 (intelectin-1) "a new adipokine described in 2003,"\[[@ref8]\] acts centrally to modulate the insulin resistance, body weight, and inflammation.\[[@ref8][@ref17][@ref19][@ref21]\] However, its role in the liver pathogenesis and in the metabolic consequences of the liver disorders is not fully elucidated. In this study, we measured the circulating levels of omentin-1, vaspin, and apelin in patients with NAFLD compared with healthy controls, and evaluated their association with C-reactive protein (CRP) and lipid profile in obese patients, particularly those with central obesity.

MATERIALS AND METHODS {#sec1-2}
=====================

In a case-control study, a total of 41 NAFLD patients (13 men, 28 women; mean age 39.8 ± 8.9-year-old, body mass index \[BMI\]: 28.3 ± 4.2 kg/m^2^), and 41 healthy controls without NAFLD (17 men, 24 women; mean age 36.7 ± 8.5-year-old, BMI: 25.1 ± 3.6 kg/m^2^ matched by age, sex and BMI) were recruited from the outpatients' clinic of Imam-Ali Education and Research Hospital in Zahedan, located in South-East of Iran. The study was carried out during February to July 2015. The sample size was estimated based on a previous study.\[[@ref2]\] Hepatic ultrasonography (US) (Grade1--3) was performed to diagnose and evaluate the severity of NAFLD. The inclusion criterion included females and males the aged 20--70 years and ranged 18--35 kg/m^2^. Exclusion criteria for all participants included history of alcohol consumption and food supplements (Vitamins A, C, E), smoking, endocrine and metabolic or kidney diseases, hepatitis Type B and C, infectious diseases, and the consumption of drugs that could affect lipid or carbohydrate metabolism.

Laboratory measurements {#sec2-1}
-----------------------

Fasting blood samples were collected after at least 12 h fasting. Routine laboratory tests such as fasting blood sugar, total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C), low-density lipoprotein-cholesterol (LDL-C), triglyceride (TG), alanine aminotransferase (ALT), aspartate aminotransferase (AST), were performed by the commercial kits (Pars Azmun, Tehran, Iran) using an auto-analyzer (Hitachi, Japan). Serum levels of highly sensitive CRP (hs-CRP were assessed by latex-enhanced nephelometry (Behring BN II Nephelometer, Germany). For the measurement of adipokines, the rest of the sera were immediately distributed in aliquots and frozen at −70°C.

Adipokines measurement {#sec2-2}
----------------------

Serum levels of adipokines (omentin-1, vaspin and apelin) were measured by enzyme-linked immune-sorbent assay (ELISA) using commercial kits: Human Intelectin-1(ITLN1/Omentin) ELISA kit (Cat No. E0155Hu: Shanghai Crystal Day Biotech Co., Ltd.); human viceral adipose-specific serine protease inhibitor (vaspin) ELISA kit (Cat No. E092Hu: Shanghai Crystal Day Biotech Co., Ltd.), and Human Apelin ELISA kit (Cat No. E2014Hu: Shanghai Crystal Day Biotech Co., Ltd.). The intra- and inter-assay coefficient of variation (CV) of vaspin was ranged from 6.7% to 9.5%, respectively. The intra- and inter-assay CV of omentin-1 and apelin was ranged from 3.3%--4.3% to 5.1%--8.5%, respectively.

Anthropometric evaluation {#sec2-3}
-------------------------

Waist circumference (WC) was measured with an inelastic tape at the minimum circumference between the iliac crest and the rib cage. According the proposed Iranian National Committee of Obesity, which has revised ATP III criteria with regional cutoff, values of WC \>95 cm for men and women were defined as abdominal obesity.\[[@ref22]\]

Weight and height were measured by Seca scale to the nearest 0.1 kg and 0.5 cm. BMI was calculated using weight (kg) divided by the square of height (m^2^).

The Ethical Committee of the Zahedan University of Medical Sciences approved the protocol of study (Approval: 93-6994; Date: November 30, 2014). Oral informed consent was obtained from all participants for participation in the study. The study was performed in accordance with the Declaration of Helsinki recommendations.

Statistical analysis {#sec2-4}
--------------------

Statistical analysis was performed using SPSS for Windows, version 21. The results of biochemical tests and anthropometric parameters were presented as mean ± standard deviation. The serum levels of hs-CRP and adipokines were expressed as median (range) because the data were not normally distributed. Data were tested for normal distribution using the Kolmogorov--Smirnov test. Student\'s *t*-test and one-way ANOVA with the Turkey\'s *post hoc* were performed for variables with normal distribution. Mann--Whitney U and Kruskal--Wallis tests were used for nonnormally distribution variables. Odds ratio (OR) and 95% confidence intervals (CIs) were calculated. Spearman\'s orrelation coefficient and multivariable linear regression models were used for the relationship between adipokines and other variables. *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} shows demographic and biochemical characteristics of studied population. A significant difference was found between NAFLD patients and control group in terms of BMI, WC, lipid profile, and AST. US findings demonstrated that 27 participants (65.9%) had fatty liver with Grade I (mild) and 14 of them (34.1%) had moderate fatty liver (Grade II).

###### 

Demographic and biochemical characteristics in the studied population

![](JRMS-22-70-g001)

Mean levels of apelin were significantly higher (*P* \< 0.01), while, omentin-1 and vaspin serum levels were not significantly different in patients with NAFLD when compared with controls \[*P* \> 0.05, [Figure 1](#F1){ref-type="fig"}\].

![Mean and error bar of serum dipokines (omentin-1 (a), vaspin (b), apelin (c)) in studied population](JRMS-22-70-g002){#F1}

As shown in [Table 2](#T2){ref-type="table"}, significantly higher serum concentrations of apelin (both *P* \< 0.001) and LDL (*P* = 0.025 and *P* \< 0.001, respectively) and significantly lower concentrations of omentin-1 (*P* = 0.03 and *P* \< 0.01, respectively) were found in obese patients with NAFLD compared to the nonobese patients and controls. Serum levels of vaspin and cholesterol were markedly higher in obese patients than controls (both *P* \< 0.01). Furthermore, the levels of serum TG (*P* \< 0.0001 and *P* \< 0.05, respectively) and hs-CRP (both *P* \< 0.001) in obese and nonobese patients with NAFLD were significantly higher, and HDL levels were significantly lower than that of controls. No difference was found between obese and nonobese control subjects for all of the variables.

###### 

The risk factors related to central obesity in the studied population

![](JRMS-22-70-g003)

The serum levels of hs-CRP and adipokines according to the fatty liver grade using US findings showed that the serum levels of hs-CRP (*P* \> 0.05), vaspin (*P* \< 0.05) and apelin (*P* \< 0.01) were higher, and the levels of serum omentin-1 (*P* \> 0.05) were lower in patients who had mild fatty liver (Grade II) as compared with those who had moderate fatty liver (Grade I) \[[Table 3](#T3){ref-type="table"}\].

###### 

The levels of the high sensitive C-reactive protein and adipokines according to the fatty liver grade using ultrasonography findings in the studied population

![](JRMS-22-70-g004)

Spearman correlation test showed that apelin levels were positively correlated with BMI (*r* = 0.33, *P* \< 0.05), WC (*r* = 0.34, *P* \< 0.05), cholesterol (*r* = 0.77, *P* \< 0.05), LDL (*r* = 0.575, *P* \< 0.05) and CRP (*r* = 0.25, *P* \< 0.05), and negatively with omentin-1 (*r* = −0.35, *P* \< 0.05). A significant positive correlation was found between the serum levels of vaspin with apelin (*r* = 0.57, *P* \< 0.001), WC (*r* = 0.35, *P* \< 0.05), and LDL (*r* = 0.375, *P* \< 0.05). Whereas, serum omentin-1 levels were adversely correlated with WC (*r* = −0.50, *P* \< 0.001) and positively correlated with HDL (*r* = 0.36, *P* \< 0.05). In addition, in multivariate regression analysis, serum omentin-1 levels showed a significant negative correlation with WC (OR: 1.012, CI: 1.010--1.014; *P* \< 0.01), and a positive correlation with HDL (OR: 1.018, CI: 1.006--1.030; *P* \< 0.05). As well, significant positive correlations were found between serum vaspin and apelin with WC (OR: 1.014, CI: 1.004--1.024; *P* \< 0.05) and (OR: 1.020, CI: 1.012--1.028; *P* \< 0.01), respectively, and LDL (OR: 1.017, CI: 1.002--1.032; *P* \< 0.01) and (OR: 1.008, CI: 1.006--1.010; *P* \< 0.05), respectively \[[Table 4](#T4){ref-type="table"}\].

###### 

Results of multivariate linear regression analysis between omentin-1, vaspin, and apelin and various parameters in patients with nonalcoholic fatty liver disease
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DISCUSSION {#sec1-4}
==========

In this study, we reported the serum levels of adipokinesomentin-1, vaspin, and apelin in patients with NAFLD. Omentin-1 is a novel adipokine, which is produced in visceral but not in subcutaneous fat tissue. Although several studies have declared that circulating omentin-1 levels are significantly increased in NAFLD,\[[@ref17]\] in liver cirrhosis\[[@ref23]\] and in hepatitis C patients,\[[@ref19]\] in our study; the levels of serum omentin-1 (intelectin-1) did not differ in patients with NAFLD when compared with the controls. This is in agreement with the study by Klusek-Oksiuta *et al*.\[[@ref13]\] A study also showed that the levels of serum omentin-1 in type 2 diabetic patients were significantly lower than controls, suggesting that glucose and insulin concentrations may have a repressive effect on omentin-1 concentrations.\[[@ref8]\]

In the current study, serum omentin-1 levels of obese patients were significantly lower than that of controls. Whereas in several studies, there was no significant difference in omentin-1 serum levels between the nonobese group with type 2 diabetes and the nonobese healthy control group.\[[@ref19][@ref24]\]

Unlike the previous studies\[[@ref8][@ref24]\] which have shown BMI is one of the major determinants of omentin-1, in our study, serum omentin-1 levels did not correlate with BMI, whereas a negative correlation was found between serum omentin-1 and WC, suggesting that BMI seems to be a weaker surrogate for body fat distribution than WC. On the other hand, the previous studies suggested a complex relationship between omentin-1 and liver function. In a study, omentin-1 level showed a significant positive correlation with liver enzymes AST and ALT.\[[@ref19]\] While, in the study of Eisinger *et al*.,\[[@ref23]\] omentin-1was not associated with liver function in patients with liver cirrhosis. In another study, serum omentin-1 level was positively correlated with CRP and hepatocyte ballooning,\[[@ref17]\] which declares omentin-1, is linked to the hepatocyte degeneration.\[[@ref17][@ref19]\] Klusek-Oksiuta *et al*.\[[@ref13]\] found a positive correlation between omentin-1 with TC and LDL-C in children with NAFLD.

In this study, we did not find any correlation between omentin-1 with ALT, AST, CRP, and lipid profile, but similar to Gursoy *et al*.\[[@ref8]\] study, serum levels of omentin-1 were positively associated with HDL-C levels in NAFLD patients, suggesting that omentin-1 might be a protective factor in the occurrence of NAFLD.

Apelin "fat-derived hormone" is produced in the brain, hypothalamus, and the stomach and is also secreted by both human and mouse adipocytes.\[[@ref16][@ref20]\] The role of apelin in the pathogenesis of NAFLD may be considered as a cause of the ectopic fat accumulation in the liver. Because it is closely associated with the insulin resistance, which has been distinguished as one of the most important factors affecting NAFLD.\[[@ref13]\]

In this study, serum apelin levels were markedly higher in patients than controls and increased with obesity. Apelin levels were positively correlated with WC and BMI. This finding was in agreement with others.\[[@ref1][@ref16][@ref18]\] It has been reported that abdominal visceral fat is linked to risk of metabolic disturbances more often than subcutaneous fat\[[@ref7][@ref8]\] because increased abdominal fat is more associated with insulin resistance and fatty liver.\[[@ref8]\] The previous studies have reported that increased levels of plasma apelin in the hyperinsulinemia-associated obese states in obese humans may be linked to complex relationship between the apelin regulations by insulin which could affect serum levels of apelin.\[[@ref21]\] However, insulin concentration was no evaluated, in our study.

Moreover, positive correlation between apelin with cholesterol, LDL and CRP and negative correlation with omentin, suggesting that apelin can be considered as a biomarker of inflammation process in the liver that may contribute to atherosclerosis complications. It has been reported that vaspin is also an adipokine with insulin-sensitizing effects, which may be linked to visceral obesity, type 2 diabetes, atherosclerosis, and risk factors of liver complications.\[[@ref13][@ref15][@ref25][@ref26]\] In opposition to earlier studies,\[[@ref18][@ref27]\] in the current study, serum vaspin levels were not different between patients with NAFLD than in controls. A study by Choi *et al*.\[[@ref15]\] reporting that plasma vaspin concentrations correlated with BMI and WC in men with the metabolic syndrome compared with those without the metabolic syndrome. In a study by Jian *et al*.,\[[@ref26]\] the serum vaspin concentration was also significantly correlated with BMI and waist-hip ratio in type 2 diabetic patients than in controls. They indicated that low serum concentration of vaspin is a risk factor for the progression of type 2 diabetes mellitus. In another study by Körner *et al*.,\[[@ref25]\] obese girls had lower vaspin serum levels than those of lean controls, but there was no significant correlation between vaspin with BMI obese children. Suleymanoglu *et al*.\[[@ref28]\] demonstrated that the serum vaspin levels were significantly higher in obese pubertal girls than control subjects, and vaspin levels were positively correlated with BMI, TGs, and fasting insulin. In a study by Klusek-Oksiuta *et al*.,\[[@ref13]\] a significant positive correlation was found between vaspin and ALT in obese children with NAFLD compared to the control. It is notable that some of these studies were performed on diabetic patients, children, and normal population, not patients with NAFLD.

In our study, the concentrations of vaspin were significantly higher in the central obese patients compared with healthy control subjects. Furthermore, after stepwise linear regression analysis, serum concentrations of vaspin were positively correlated with apelin, WC, and LDL. This finding supports further investigations of this adipokine in atherosclerosis and metabolic liver diseases.

In general, the relationship between the three novel adipokines (omentin-1, apelin, and vaspin) with WC suggests that these adipokines reflect body fat mass, and WC might be considered as an independent factor that affects the serum levels of adipokines.

Aside from obesity and dyslipidemia, another lifestyle-related factors such as diet\[[@ref29]\] or supplements\[[@ref30][@ref31]\] have also contradictory effects on liver fat content; however, we did not assess the nutrient intakes in this study.

At present study, we evaluated the severity of liver involvement using US findings. Almost 65.9% of patients had Grade I (mild) and 34.1% had Grade II (moderate fatty liver). None of the patients showed severe fatty liver (Grade III). Given that the grading of NAFLD by ultrasound is based on the visual scale; it has limitations in differentiating moderate from severe groups. So that in some patients with the borderline findings of ultrasound might be incorrectly classified the moderate from severe grade.\[[@ref32]\]

The levels of the adipokines according to the fatty liver grade demonstrated that in Grade II (moderate fatty liver), serum level of omentine-1 was slightly decreased while serum levels vaspin and apelin were markedly increased. The serum levels of hs-CRP in NAFLD patients with Grade II were slightly higher than in those with Grade I. However, no correlation was found between hs-CRP and three adipokines and severity of fatty liver, which may be related to small sample size.

Overall, the findings suggest that these adipokines are involved in the development of obesity and pathogenesis of fatty liver.\[[@ref29]\]

Our study has several potential limitations, including the relatively small sample size, financial constraints, failure to do a liver biopsy, and just use of ultrasound findings for the diagnosis of fatty liver, which restrict the generalizability of our results. Thus, further longitudinal studies with more sample size are needed to clarify the link of these adipokines with obesity and other metabolic disorders in patients with NAFLD.

CONCLUSIONS {#sec1-5}
===========

The findings showed that among the analyzed adipokines only apelin was different in patients with NAFLD when compared to controls. Apelin seems be more suitable diagnostic marker in predicting of NAFLD. Considering the multivariate regression analysis, the findings suggest that vaspin may reflect body fat mass, but its association with fatty liver remains controversial. On the other hand, omentin-1 might be considered as a protective factor in the evaluation of occurrence of NAFLD, especially in central obese patients. Thus, the measurement of these novel adipokines may contribute to the evaluation of NAFLD occurrence.
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